Two Gram-stain-negative, non-motile, rod-shaped bacterial strains, designated T and BM9-1 T were isolated from soil of the root system of a mangrove forest. Phylogenetic analysis based on 16S rRNA gene sequences showed that the two isolates belong to the genus Martelella. The chemotaxonomic characteristics of these isolates included the presence of C 19 : 0 cyclo v8c and C 18 : 1 v7c as the major cellular fatty acids and Q-10 as the dominant ubiquinone. The genus Martelella was proposed by Rivas et al. (2005) to accommodate members of the order 'Rhizobiales' of the class Alphaproteobacteria, that are strictly aerobic, Gramnegative, non-spore-forming short rods and contain Q-10 as the major quinone and C 19 : 0 cyclo v8c as the major fatty acid. At the time of writing, the genus Martelella comprised two recognized species, Martelella mediterranea (type species of the genus; Rivas et al., 2005) and Martelella endophytica (Bibi et al., 2013) , of which type strains were isolated from Lake Martel in Mallorca (Spain) and the root sample of a halophyte growing at a tidal flat area of Namhae Island in Korea, respectively. In the present study, two novel species of the genus Martelella isolated from the rhizosphere soil of a mangrove forest at Beigang Island in Hainan Province, China are described.
The genus Martelella was proposed by Rivas et al. (2005) to accommodate members of the order 'Rhizobiales' of the class Alphaproteobacteria, that are strictly aerobic, Gramnegative, non-spore-forming short rods and contain Q-10 as the major quinone and C 19 : 0 cyclo v8c as the major fatty acid. At the time of writing, the genus Martelella comprised two recognized species, Martelella mediterranea (type species of the genus; Rivas et al., 2005) and Martelella endophytica (Bibi et al., 2013) , of which type strains were isolated from Lake Martel in Mallorca (Spain) and the root sample of a halophyte growing at a tidal flat area of Namhae Island in Korea, respectively. In the present study, two novel species of the genus Martelella isolated from the rhizosphere soil of a mangrove forest at Beigang Island in Hainan Province, China are described.
Strains T and BM9-1 T were isolated by the standard dilution plating technique on marine agar 2216 (MA, Difco) at 25 u C and routinely cultured under the same conditions. M. mediterranea DSM 17316 T and M. endophytica NRBC 109149 T were routinely grown on MA at 25 u C and used as reference strains in the study.
DNA was extracted and purified as described by Sambrook et al. (1989) . The 16S rRNA genes of the two isolates were amplified by PCR with a pair of universal primers, 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1541R (59-A-AGGAGGTGATCCAGCCGCA-39). The PCR products were purified by using a QIAquick PCR Purification kit (Qiagen). The purified PCR products were sequenced using dideoxy chain termination/cycle sequencing, an ABI 3730XL sequencer (Applied Biosystems) and version 3.1 of the ABI Big Dye Terminator kit (Applied Biosystems) as recommended by the manufacturer. On the basis of pairwise comparisons of the 16S rRNA gene sequences using the recent version of the EzTaxon program (Kim et al., 2012) , strain BM5-7
T was most similar to M. endophytica YC6887 T (99.2 %) and M. mediterranea MACL11 T (98.0 %). Strain BM9-1 T exhibited 97.7 % and 98.1 % 16S rRNA gene sequence similarities with respect to M. mediterranea MACL11 T and M. endophytica YC6887 T , respectively. The 16S rRNA gene sequence similarity between strains BM5-7
T and BM9-1 T was 98.1 %. Phylogenetic analysis was performed using the MEGA 6.0 software (Tamura et al., 2013) and the PHYLIP 3.69 package (Felsenstein, 2009 ) for neighbour-joining and maximum likelihood methods, respectively, after multiple alignment of data using CLUSTAL X 1.8 (Thompson et al., 1997) . Phylogenetic analysis based on the neighbour-joining method (Saitou & Nei, 1987) showed that the two novel strains formed distinct clusters with M. mediterranea MACL11 T and M. endophytica YC6887 T that were supported by relatively high bootstrap values (Fig. 1) . The relative position of strains T and BM9-1 T was also confirmed in the maximum-likelihood tree.
Cell morphology was examined by phase-contrast microscopy (61000; Leitz Diaplan) using cells grown on MA at 25 u C. Motility was examined by microscopy (61000) and by observing the presence of spreading growth on MA soft agar (containing 0.3 % agar) plates and stab cultures (Süßmuth et al., 1987) . Gram-staining was tested by using the bioMérieux Gram-stain kit and by the KOH (3 %, w/v) method. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined with the API 20 NE [supplemented with sea salts (S9883; Sigma) for assimilation tests], API 20 E and API ZYM systems (bioMérieux) at 25 uC. Oxidative/fermentative metabolism of glucose was determined as described by Süßmuth et al. (1987) on Hugh and Leifson's basal medium (1 % glucose, 0.2 % peptone, 0.1 % yeast extract, 0.5 % NaCl, 0.02 % K 2 HPO 4 , 0.008 % bromothymol blue, 3 % agar) supplemented with sea salts (S9883; Sigma). Aerobic growth on different media was assessed at 25 u C on MA, TSA (trypticase soy agar; 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar; pH 7) and R2A (0.05 % yeast extract, 0.05 % peptone, 0.05 % Casamino acids, 0.05 % glucose, 0.05 % starch, 0.03 % sodium pyruvate, 0.03 % K 2 HPO 4 , 0.005 % MgSO 4 and 1.5 % agar; pH 7). Growth under anaerobic conditions was examined after 4 days of incubation on MA supplemented with 10 mM KNO 3 , at 25 uC in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions]. Growth under microaerophilic conditions was investigated at 25 u C on MA after incubation in the microaerophilic atmosphere containing 8-10 % (v/v) carbon dioxide and 5-7 % (v/v) oxygen; this atmosphere was generated in sealed jars containing Anaerocult C (Merck). Growth at 1, 5, 10, 15, 20, 25, 30, 35, 40 and 45 u C was assessed on MA and in marine broth (using a shaking incubator at 150 r.p.m.). Growth at pH 5, 6, 7, 8, 9 and 10 was determined at 25 u C on a buffered MA medium. Salt tolerance was assessed at 25 uC on plates containing 0.5 % peptone, 0.1 % yeast extract, 1.5 % agar and 0, 2, 4, 6, 8, 10 or 12 % (w/v) NaCl. All tests were carried out simultaneously with strains BM5-7
T and BM9-1 T and the reference strains M. mediterranea DSM 17316 T and M. endophytica NRBC 109149
T . The morphological, physiological and biochemical characteristics of the strains are given in the species description and the features that differentiate the investigated strains from the reference strains are given in Table 1 .
Respiratory quinones were extracted and purified according to Collins (1985) and were analysed by HPLC (Wu et al., 1989) . The quinone system consisted predominantly of ubiquinone Q-10. Cellular fatty acids were determined by the Identification Service of BCCM/LMG (Gent, Belgium) using cells of strains T and BM9-1 T and the reference strains grown for 2-3 days on MA at 25 u C. All four strains Two novel species of the genus Martelella shared similar growing behaviour and a sufficient amount of cells of comparable physiological age could be harvested from the third streak quadrant of the MA plates after cultivation under the applied conditions. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.1) (Sasser, 1990) . The predominant cellular fatty acids of strain BM5-7 T were C 18 : 1 v7c (41.7 %), C 19 : 0 cyclo v8c (24.9 %), summed feature 2 (C 14 : 0 3-OH, iso-C 16 : 1 I, an unidentified fatty acid with an equivalent chain-length of 10.928 and/or C 12 : 0 ALDE; 12.4 %), C 18 : 0 (7.6 %) and 11-methyl C 18 : 1 v7c (6.8 %). The predominant cellular fatty acids of strain BM9-1 T were C 18 : 1 v7c (35.7 %), C 19 : 0 cyclo v8c (23.7 %), summed feature 2 (C 14 : 0 3-OH, iso-C 16 : 1 I, an unidentified fatty acid with an equivalent chain-length of 10.928 and/or C 12 : 0 ALDE); 14.8 %), C 18 : 0 (8.9 %), C 16 : 0 (5.9 %) and 11-methyl C 18 : 1 v7c (5.4 %). Thus, the fatty acid profiles of strains BM5-7
T and BM9-1 T resembled those of other species of the genus Martelella (Rivas et al., 2005; Bibi et al., 2013) . Details of the fatty acid profiles of strains BM5-7
T and BM9-1 T and the reference strains are available as Table S1 in the online Supplementary Material.
The genomic DNA G+C contents of strains BM5-7
T and BM9-1 T , as determined by using standard HPLC analysis (Mesbah et al., 1989) , were 61.0 and 59.7 mol%, respectively, which are in the range of the values reported for M. mediterranea DSM 17316 T (57.4 mol%) and M. endophytica NRBC 109149 T (62.1 mol%).
DNA-DNA hybridizations were performed in the presence of 50 % formamide at 46 u C according to a modification (Goris et al., 1998; Cleenwerck et al., 2002) of the methods described by Ezaki et al. (1989) . The DNA-DNA relatedness value of the two isolates BM5-7 T and BM9-1 T was 44(±3) % and that with M. mediterranea DSM 17316 T and M. endophytica NRBC 109149 T was 34(±0) and 39(±2) %, respectively for strain BM5-7 T , and 30(±2) and 33(±6) %, respectively for strain BM9-1 T . These DNA-DNA relatedness values are lower than the threshold value (70 %) recommended for species demarcation (Wayne et al., 1987) . Therefore, we can conclude that strains BM5-7
T and BM9-1 T are genotypically distinct from the two recognized species of the genus Martelella. Both the DNA G+C content and the DNA-DNA relatedness values were determined by BCCM/LMG, Gent, Belgium.
Strains BM5-7
T and BM9-1 T are mesophilic and could be easily differentiated from the type strain of the type species of the genus Martelella (M. endophytica NRBC 109149 T ) by their inability to grow on R2A agar at 25 uC and by their high salt tolerance, i.e. their ability to grow in the presence of 10 % (w/v) and their inability to grow in the absence of NaCl. Compared to M. mediterranea DSM 17316 T , strains BM5-7
T and BM9-1 T were able to ferment glucose T . All data are from this study. All strains are positive for microaerophilic growth, catalase, cytochrome c oxidase, esterase (C4), esterase lipase (C8), acid phosphatase, naphthol-AS-BIphosphohydrolase (weakly), a-glucosidase and b-galactosidase activities and assimilation of glucose and D-mannitol. All strains are negative for motility, anaerobic growth, lipase (C14), valine arylamidase, cystine arylamidase, a-chymotrypsin, b-glucuronidase, a-mannosidase, H 2 S production, indole production from tryptophan, arginine dihydrolase, ornithine dihydrolase, tryptophan deaminase and gelatinase, and for assimilation of potassium gluconate and capric acid. +, Positive; 2, negative; W, weakly positive.
Isolation source Soil of mangrove root Soil of mangrove root Lake water Root of halophyte Growth on/at: R2A agar at 25 u C -
(API 20NE supplemented with sea salts): and were unable to produce urease or utilize citrate (Table 1) . Differences between strains BM5-7 T and BM9-1 T are mainly based on physiological properties, such as the higher salt tolerance of strain BM9-1 T and its inability to reduce nitrate and assimilate maltose.
Description of Martelella sp. nov.
Martelella radicis (ra9di.cis. L. gen. n. radicis of a root, the source of isolation of the type strain).
Cells stain Gram-negative and are non-motile short rods, 1-1.261.2-1.5 mm after 3 days at 25 uC on MA. Colonies on MA are white, convex, smooth and circular with entire margin. Grows under aerobic and microaerophilic conditions; unable to grow under anaerobic conditions. Grows well at 15-35 u C and weakly at 40 u C on MA and in marine broth. No growth at 45 uC and very weak growth at 10 uC on MA. Grows at pH 5-8 and in the presence of 2-10 % (w/v) NaCl. No growth on R2A and TSA at 25 u C or in the absence of NaCl. Positive for cytochrome c oxidase, catalase, nitrate reduction, esterase (C4), esterase lipase (C8), alkaline phosphatase, acid phosphatase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-glucosidase (5aesculin hydrolysis). Negative for lipase (C14), valine arylamidase, cystine arylamidase, achymotrypsin, a-galactosidase, b-glucuronidase, N-acetylb-glucosaminidase, a-mannosidase, a-fucosidase, arginine dihydrolase, ornithine dihydrolase, tryptophan deaminase, urease, gelatinase, H 2 S production and indole production from tryptophan. Positive for assimilation of D-glucose, L-arabinose (rather weakly), D-mannitol, maltose and phenylacetic acid. Negative for assimilation of N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid and trisodium citrate. Positive for oxidative and fermentative metabolism of glucose (Hugh and Leifson's basal medium). The major respiratory quinone is Q-10. The dominant cellular fatty acids are C 18 : 1 v7c, C 19 : 0 cyclo v8c and summed feature 2 (C 14 : 0 3-OH, iso-C 16 : 1 I, an unidentified fatty acid with an equivalent chain-length of 10.928 and/or C 12 : 0 ALDE).
The type strain is BM5-7 T (5DSM 28101 T 5LMG 27958 T ), isolated from the soil of the root system of a mangrove forest of Beigang Island in Hainan Province, China. The genomic DNA G+C content of the type strain is 61.0 mol%.
Description of Martelella mangrovi sp. nov.
Martelella mangrovi (man.gro9vi. N.L. neut. n. mangrovi of a mangrove).
Cells stain Gram-negative and are non-motile short rods, 161.2 mm after 3 days at 25 u C on MA. Colonies on MA are white, convex, smooth and circular with entire margin. Grows under aerobic and microaerophilic conditions; unable to grow under anaerobic conditions. Grows well at 10-35 u C and weakly at 40 u C on MA and in marine broth. No growth at 45 u C. Grows at pH 5-8 and in the presence of 2-12 % (w/v) NaCl. No growth on R2A and TSA at 25 u C or in the absence of NaCl. Positive for cytochrome c oxidase, catalase, esterase (C4), esterase lipase (C8), alkaline phosphatase, acid phosphatase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase (weakly), a-galactosidase (weakly), b-galactosidase, a-glucosidase and b-glucosidase (5aesculin hydrolysis). Negative for nitrate reduction, lipase (C14), valine arylamidase, cystine arylamidase, a-chymotrypsin, trypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, tryptophan deaminase, urease, gelatinase, H 2 S production and indole production from tryptophan. Positive for assimilation of D-glucose, D-mannitol, malic acid and phenylacetic acid (delayed). Negative for assimilation of N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid and trisodium citrate. Positive for oxidative and fermentative metabolism of glucose (Hugh and Leifson's basal medium. The major respiratory quinone is Q-10. The dominant cellular fatty acids are C 18 : 1 v7c, C 19 : 0 cyclo v8c and summed feature 2 (C 14 : 0 3-OH, iso-C 16 : 1 I, an unidentified fatty acid with an equivalent chainlength of 10.928 and/or C 12 : 0 ALDE).
The type strain is BM9-1 T (5DSM 28102 T 5LMG 27959 T ), isolated from the soil of the root system of a mangrove forest of Beigang Island in Hainan Province, China. The genomic DNA G+C content of the type strain is 59.7 mol%.
